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Supplementary Figure 1 | Electron microscope images of BiOI and BiVOQ.. a, b, Top-view SEM

images of BiOI nanoflake arrays and BiVOs nanoporous arrays. ¢, HRTEM image of BiVOs4
Nnanoporous arrays.
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Supplementary Figure 2 | X-ray diffraction pattern of BiVO4 nanoporous arrays fabricated on
FTO glass.
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Supplementary Figure 3 | Ultraviolet—visible diffuse reflectance spectrum and bandgap of
BiVO4 nanoporous arrays.
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Supplementary Figure 4 | Photoelectrochemical performances in alkaline electrolyte. a, b,
Current density-potential profiles of BiVO4 photoanode measured in 0.5 M Na2SO4 at pH = 10 and
pH = 12 in a single cell under dark and AM 1.5G, 100 mW c¢m illumination.
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Supplementary Figure 5 | Chopped photocurrent density-time profiles. Chopped photocurrent
density-time profiles of BiVOs at 0.6 V vs. RHE in 0.5 M NaxSOs at various pH with and without

glycerol. Source data are provided as a Source Data file.
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Supplementary Figure 6 | Mott-Schottky plots. Mott-Schottky plots of the BiVO4 photoanode
measured in 0.5 M NaxSO4 at pH = 2 under dark and AM 1.5G illumination without and with
presence of glycerol.
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Supplementary Figure 7 | ATR-FTIR spectra of BiVO4 photoanode. a, b, ATR-FTIR reflectance
spectra of BiVO4 photoanode treated with solution at pH = 2, 5 and 7. ¢, d, ATR-FTIR absorbance
spectra of BiVOs photoanode treated with glycerol solution at pH = 2, 5 and 7. Absorbance spectra
were calculated from the normalized ATR reflectance spectra of BiVO4 samples. Characteristic IR
absorbance peaks of glycerol, Na2SO4 and H2SO4 are labeled with solid line, dotted line and dashed

line, respectively.
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Supplementary Figure 8 | Electrochemical impedance spectroscopy of BiVO4 photoanode. a, b,
The Nyquist plots of the EIS data measured under different potentials with AM 1.5G, 100 mW cm™
illumination without and with presence of glycerol. ¢, Riwotal calculated from EIS data at various pH
with glycerol under illumination.
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Supplementary Figure 9 | Long time photoelectrochemical stability. Long time stability of BiVO4
photoanode at 1.2 V vs. RHE in 0.5 M NaxSO4 at pH = 2 with 1 M glycerol under AM 1.5G, 100
mW cm™ illumination.
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Supplementary Figure 10 | Current density-time curves of BiVO4 photoanode. a, b, c,
Photocurrent density-time curves of BiVO4 photoanode measured in 0.5 M Na2SOs4 at pH = 2, 5 and
7 in an H-type cell at different applied biases under AM 1.5G, 100 mW cm™ illumination. Source
data are provided as a Source Data file. d, e, Photocurrent density-time curves of BiVOs photoanode
measured in 0.5 M Na2SO4 at pH = 10 and 12 in a single cell at different applied biases under AM
1.5G, 100 mW cm? illumination. f, Current density-time curves of BiVO4 photoanode measured in

0.5 M Na2SO4 at pH = 2 in an H-type cell at 1.2 V vs. RHE under dark and AM 1.5G, 100 mW cm?
illumination.
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Supplementary Figure 11 | Production rate, faradaic efficiency and selectivity of the main
products. Obtained in 0.5 M Na2SO4 at various pH in an H-type cell (volume 25 mL) under AM
1.5G, 100 mW cm? illumination.
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Supplementary Figure 12 | Production rate, faradaic efficiency and selectivity of the main
products in alkaline electrolyte. Obtained in 0.5 M NaxSOs4 at various pH in a single cell (volume
15 mL) under AM 1.5G, 100 mW cm illumination.



Current Density (mA-cm?) W

——1 M glycerol
54 — — 0.1Mglycerol
~ = 0.01 M glycerol

02 04 06 08 10 12
Potential (V vs RHE)

Current Density (mA-cm?) &

——1 M glycerol
——0.1 M glycerol
0.01 M glycerol

14 pH=2
1.2V vs. RHE

0.0 05
Potential (V vs RHE)

(42
o
o

C

= I Formic Acid
= — Glyceric Acid
° 400 ] {55 DHA

5 § @4 Glycolic Acid
£

£,300 \ \

o § N

[

o 200 A\

£ \
&

2100+

e

o L

04

1™

glycerol

glycerol

0.1 M 0.01M
glycerol

Supplementary Figure 13 | Photoelectrochemical characterization of BiVO4 photoanode with
glycerol of different concentrations. a, Photocurrent density-potential profiles of porous BiVOs
nanoarray photoanode measured at pH = 2 and 1.2 V vs. RHE under AM 1.5G, 100 mW cm?
illumination with 1 M, 0.1 M and 0.01 M glycerol. b, Current density-time curves of BiVOs
photoanode measured at pH = 2 and 1.2 V vs. RHE under AM 1.5G, 100 mW cm™ illumination with

1M, 0.1 Mand 0.01 M glycerol. ¢, Photoelectrocatalytic production rate of oxidation products at pH
=2 and 1.2 V vs. RHE with glycerol of different concentration.
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Supplementary Figure 14 | Electrochemical characterization of BiVO4 photoanode with and
without light illumination. a, Transient OCVD profile of porous BiVO4 nanoarray photoanode in
0.5 M NaxSOs4 at pH = 2 with 0.1 M glycerol. b, Current density-time curves of BiVO4 photoanode
measured in 0.5 M NaxSO4 at pH = 2 and 1.2 V vs. RHE under illumination or 1.375 V vs. RHE in
dark, respectively. ¢, Production rate of liquid oxidation products at pH =2 and 1.2 V vs. RHE under
illumination or 1.375 V vs. RHE in dark, respectively.
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Supplementary Figure 15 | Photoelectrochemical characterization of BiVO4 film photoanode.
a, Photocurrent density-potential profiles of BiVO4 film photoanode measured at pH =2 and 1.2 V
vs. RHE under AM 1.5G, 100 mW cm™ illumination with and without 0.1 M glycerol. b,
Photocurrent density-time curve of BiVOs4 film photoanode measured at pH =2 and 1.2 V vs. RHE
under AM 1.5G, 100 mW cm™ illumination with 0.1 M glycerol. ¢, Photoelectrocatalytic production
rate of oxidation products at pH = 2 and 1.2 V vs. RHE produced by BiVOs film photoanode with

0.1 M glycerol.
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Supplementary Figure 16 | Photoelectrochemical characterization of TiO: and Fe:03
photoanode. a, d, Current density-potential profiles of TiO> nanowires and Fe2O3 nanoporous
photoanode measured in 0.5 M Na2SOs4 at pH = 2 under dark and AM 1.5G, 100 mW cm™
illumination. b, e, Photocurrent density-time curves of TiO: nanowires and Fe:O3 nanoporous
photoanode measured in 0.5 M Na2SO4 at pH = 2 under AM 1.5G, 100 mW cm?? illumination. ¢, f,
Production rate and efficiency of the main liquid products obtained by TiO2 nanowires and Fe:O3

nanoporous photoanode in 0.5 M Na2SOs at pH = 2 under AM 1.5G, 100 mW cm illumination.
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Supplementary Figure 17 | Liquid chromatography—mass spectrum
photoelectrochemical glycerol oxidation products. a, LC-MS spectrum

of
of

the
the

photoelectrochemical glycerol oxidation products obtained in isotope labeled electrolyte with H20

containing 10% H2'80 (pH = 2). b, Enlarged version of (a).
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Supplementary Figure 18 | Room-temperature electron spin resonance spectra in 0.5 M
Na;SO4 at pH = 2. a, ESR spectra with 0.1 M glycerol and without catalyst in solution. b, ESR
spectra of BiVOs4 photocatalysts without glycerol. ¢, ESR spectra of BiVO4 photocatalysts with 0.1
M glycerol. d, ESR spectra of three samples after 90 s illumination. The ones with “4” belong to the
spin adduct attributable to hydroxyl radicals. The ones with “0” are attributed to the DMPO-glycerol
radical adduct. Source data are provided as a Source Data file.
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Supplementary Figure 19 | Photoelectrochemical glycerol oxidation pathways by BiVOa.
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Supplementary Figure 20 | Structure model and charge density distribution of glycerol on
BiVOs. a, Structural model of bulk BiVOa. b, Glycerol adsorbed on BiVOa. ¢, 2D and 3D graphs of
charge density difference: (gly/BiVOa) — (gly) — (BiVOa). Yellow is where charge density decreases
and cyan is where charge density increases. Charge density on O 2p orbital decreases with charge
transfer from O 2p to Bi.



Supplementary Figure 21 | Structure model of BiVO4(112) and glycerol oxidation reaction on
BiVO4(112). a, Structural model of BiVO4(112) (top and side view). b, Adsorption of glycerol (bi:
terminal, b2: middle) on BiVO4(112). ¢, Oxidation of glycerol to carbon radicals (ci: terminal, cz:
middle) on BiVOa.



Supplementary Figure 22 | Structure model of glycerol oxidation reaction on BiVOa4(112). a,
Reaction of carbon radicals with water to form gem-diol intermediates (di: terminal, d2: middle) on

BiVO4(112). b, Dehydration of gem-diol and formation of products (ei: terminal, e2: middle) on
BiVO4(112).



Supplementary Table 1 | Production and carbon balance of glycerol oxidation reaction.
Consumption rate of glycerol, production rate of glycerol derivatives, carbon balance and
charge-to-chemical balance at pH = 2 and 1.2 V vs. RHE under AM 1.5G, 100 mW cm?

illumination.
Consumption Production | Conversion | Carbon | Charge-to-chemical
rate rate selectivity | balance balance
/mmol h'' m? | / mmol h'! m? | % | % | %
Glycerol 307.8
DHA 195.7 63.6
Glyceric acid 30.7 10.0
Formic acid 151.6 16.4
Glycolic acid 0.9 0.2
CO2 7.9 0.9
CcO 2.0 0.2
H>02 141.8
02 10.2
Total 90.21 91.3




Supplementary Table 2 | Na® ESI source liquid chromatography—mass spectrum results
acquired in pH = 2 isotope labeled electrolyte with H>O containing 10% H>'30.

m/z Intensity | Relative | Theo. Mass | Delta (mmu) | Composition

113.0211 | 166211.6 100 113.0209 0.14 CsHeOsNa

115.0252 | 137668.2 100 115.0252 0.03 C3He02'%0ONa




Supplementary Table 3 | Photocatalytic performance of glycerol oxidation by BiVO4
photocatalysts. Obtained in 0.5 M Na2SO4 at pH = 2 in a single cell under AM 1.5G, 100 mW cm™
illumination with hole scavenger or hydroxyl radical scavenger.

Production rate DHA Formic acid | Glyceric acid | DHA selectivity
/ mmol h'! g1 | %
BiVOs photocatalysts 0.138 0.144 0.072 39.0
+ 0.1 M ammonia formate 0 -- 0.139 0
+ 0.1 M ¢-butanol 0.143 0.227 0.066 32.7




Supplementary Table 4 | Catalytic performance of glycerol oxidation by hydroxyl radicals.
Obtained in 0.5 M NaxSOs4 at pH = 2 with or without BiVO4 photocatalysts under dark or AM 1.5G,
100 mW c¢m illumination.

Production rate / pM h! DHA | Formic acid | Glyceric acid | DHA selectivity / %

Dark 494 2763 254 14.0
Light 1127 6840 570 13.2
Dark with BiVOs photocatalyst | 508 2908 309 13.6

Light with BiVOs photocatalyst | 1681 9623 698 13.9




Supplementary Note 1 | Mott-Schottky plots of the BiVO4 photoanode.

The Mott-Schottky plot measured without glycerol under AM 1.5G illumination in 0.5 M Na2SO4 at
pH = 2 in Supplementary Fig. 6 shows a clear shift towards lower potentials as compared to that
measured in dark, indicating that surface states do play a role in water oxidation via a surface-state
charging process.S* After adding glycerol in the PEC system, surface-state charging, i.e. hole
accumulation, is largely suppressed. Supplementary Fig. 6b shows that Mott-Schottky plots do not

change with and without light illumination in the presence of glycerol.

Supplementary Note 2 | ATR-FTIR spectra of BiVO4 photoanode.

ATR-FTIR reflectance spectra of BiVO4 photoanode treated with solution at pH = 2, 5 and 7 are
shown in Supplementary Fig. 7. Vibration mode of sulfate anion of Na2SO4 has characteristic bands
at about 1134 cm',52 995 cm™ and 1105 ¢cm'.5® The symmetric and antisymmetric stretching
vibration modes of C-O bond in primary alcoholic group and secondary alcoholic group of glycerol
are at about 994 cm™, 1043 cm™ and 1110 ~ 1120 cm’!, respectively.5*S” When pH decreases, the
C-O bond symmetric and antisymmetric stretching peaks of glycerol increase distinctly, indicating
that glycerol can better adsorb on BiVOs at lower pH. At the same time, the C-O bond vibration peak
of the secondary alcoholic group shifts from 1109 cm™ to 1118 cm™ when pH decreases to 2, while
the C-O bond vibration peaks of primary alcoholic group just shift by about 1 cm™. These indicate
that C-O bond vibration frequency of the secondary alcoholic group is enhanced distinctly when pH
decreases, which can be attributed to the analogous inductive effect by the enhanced electrostatic
attraction between middle hydroxyl group and BiVOs.5’ H2SO4 has characteristic peaks at about
1140 cm! and 1160 cm’, assignable to the SOH symmetric and antisymmetric bending mode,

respectively.®



Supplementary Note 3 | Electrochemical impedance of BiVO4 photoanode.
As shown in Supplementary Fig. 8c, enhanced adsorption of glycerol on BiVOs4 at lower pH together
with higher productivity but poor desorption of oxidation products would lead to increased Riotal With

increasing potential or decreasing pH.

Supplementary Note 4 | Comparison of BiVO4 porous nanoarrays and film photoanodes.

BiVOs film photoanode was prepared by the reported method.5® As shown in Fig. la and
Supplementary Fig. 15, photocurrent density of BiVOa4 film photoanode is higher than that of porous
BiVO4 nanoarray photoanode for water oxidation. After adding glycerol, the photocurrent density of

film photoanode is lower than that of porous nanoarray photoanode.

Supplementary Note 5 | Photoelectrochemical characterization of TiO, and Fe,O3 photoanode.
TiO2 nanowires and Fe2O3 nanoporous photoanode were fabricated by hydrothermal methods.5!% S!!
TiO2 nanowires shows excellent stability in pH = 2 electrolyte, and the photocurrent density
increases a little after adding glycerol. As shown in Supplementary Fig. 16, no DHA is detected after
PEC glycerol oxidation by TiO2 nanowires. The liquid products efficiency is quite low for TiO2
nanowires photoanode, which may because of competitive water oxidation and further oxidation of
glycerol to COz. Fe203 nanoporous photoanode shows poor stability in pH = 2 electrolyte, and the
photocurrent density increases a little after adding glycerol. Little DHA and other liquid products are
detected after PEC glycerol oxidation by FexOs3 nanoporous photoanode. The production rate,

selectivity and efficiency of DHA and high-value added products obtained by Fe:O3 nanoporous

photoanode are much less than that of BiVO4 nanoporous photoanode.

Supplementary Note 6 | Liquid chromatography—-mass spectrum results.



LC-MS results shown in Supplementary Fig. 17 and Table 2 indicate that 0 originated from water
in the electrolyte could be detected in the product - DHA after PEC glycerol oxidation reaction. This

qualitative analysis suggests that water participates in the oxidation of hydroxyl group in glycerol.

Supplementary Note 7 | Photocatalytic performance of glycerol oxidation by BiVOs
photocatalysts.

BiVO4 scraped from the BiVOs nanoarrays were used as the photocatalysts. Hole scavenger
(ammonium formate) and hydroxyl radical scavenger (t-butanol) were added in the photocatalysis
system. The catalytic performance (Supplementary Table 3) shows that after adding hole scavenger,
DHA could not be produced, and meanwhile, after adding hydroxyl radical scavenger, the production
of DHA was not affected too much. It indicates that holes should directly participate in the glycerol

oxidation reaction.

Supplementary Note 8 | Catalytic performance of glycerol oxidation by hydroxyl radicals.

Hydroxyl radicals were introduced in this glycerol photocatalysis system by Fenton reaction.5!? 0.3
M H202 and 3 mM Fe2SO4 were added into 0.5 M Na2SO4 at pH = 2 with 0.1 M glycerol under
stirring in a single cell. As shown in Supplementary Table 4, the selectivity of DHA by oxidation of
OH radicals is as low as 13~14 %. The results indicate that this homogeneous glycerol oxidation
process driven by hydroxyl radicals could only produce DHA with low selectivity. On the other hand,
it also shows that it is harder for middle hydroxyls of glycerol to be oxidized than terminal

hydroxyls.

Supplementary Note 9 | Detection of glycerol oxidation reaction intermediates.



Room-temperature Electron Spin Resonance (ESR) spectra were collected to explore the reaction
intermediates. BiVOs scraped from the BiVOas nanoarrays were used as the photocatalysts. The ESR
spectra in Supplementary Fig. 18 show that without BiVOa, glycerol could not be activated into
radicals. Without glycerol, BiVOas photocatalysts could oxidize water into hydroxyl radicals. After
adding glycerol in the system, instead of hydroxyl radicals, glycerol radicals were detected,
indicating that glycerol could be stimulated into radicals by BiVOas photocatalysts. The ESR
spectrum of DMPO-glycerol radical adduct observed here is similar to that of the DMPO-alcohol

radical adducts.513

Supplementary Note 10 | Photoelectrochemical glycerol oxidation pathways on BiVOa.

As shown in Supplementary Fig. 19, we infer that the oxidation of glycerol to DHA could occur via
the following steps: (i) Adsorption of glycerol on BiVOas photoanode. The terminal or middle
hydroxyl group of glycerol can adsorb on bismuth of BiVOa. (ii) Photogenerated holes would
transfer to the middle carbon of glycerol and oxidize the middle carbon into carbon radical. (iii)
Carbon radicals would further react with holes and water to form middle gem-diol intermediates. (iv)
The dehydration of gem-diol would occur immediately and DHA could be produced. (v-x) The

oxidation of terminal hydroxyl group.

Supplementary Note 11 | Structural parameters of glycerol on BiVOa.

Interlaminar distance of Bi-O is 2.67 A (Supplementary Fig. 20).

L(O1-Bil)=2.96 A L(O1-Bi2)=2.81 A L(02-Bil)=2.63 A

The distance and strength of Bi-O between layers of BiVO4 and O(glycerol)-Bi(BiVOs) are similar.

There exists electrostatic attraction between Bi** and O*.



Bader charges:
O(1): -1.73 |e]| 0O(2): -1.68 Je|

Bi(1): +2.98 [¢| Bi(2): +2.78 |e|
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